Soil Borne Pathogens (SBPs) including the Heterodera species, cereal cyst nematode (CCN), Pratylenchus species, root lesion nematode and crown rot (CR) caused by Fusarium species, attack the roots of cereal crops resulting in a high yield loss and reduced grain quality and quantity. The damage caused by these diseases is accelerated in areas where water stress and monoculture practices dominate. Sustainable agriculture production of rain-fed crop exposed to drought, especially those growing under arid and semi-arid conditions, is being impacted by climate change due to hotter and drier soils. It is important to recognize that a plant's ability to secure adequate amounts of water is severely impacted by the destabilizing effects of nematodes and root rotting fungi on root architecture. Integrated crop health management approaches, using both modern cultivars with resistance/tolerance to these organisms, as well as, technologies that stimulate root health and growth coupled with modern nematode management strategies such as chemical, biological and cultural are needed for sustainable production in the ever-drier environments that are now a reality in many areas of the world. Resistance is environmentally friendly and biologically effective once identified. However, resistance has only been identified against one of the CCN species found in Turkey; Heterodera filipjevi. This resistance
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The soil is a favourable habitat for a multitude of microorganisms including bacteria, fungi, algae, and protozoa and many macro-organisms. Soil contains massive numbers of microorganisms estimated between one and ten million per g of soil -with bacteria and fungi the most prevalent. The soil also harbors a large number of macro organisms such as nematodes, helminths and insects. Some of these organisms are beneficial whereas others can infect plants. These so-called soil-borne plant pathogens or pests may complete their life cycle in the soil, or may spend part of it on the aerial parts of the plant (12, 31).
Soil-Borne Pathogens for example Crown Rot (Fusarium spp.; CR) (SBPs) and the plant parasitic nematodes belonging to the Cereal Cyst Nematodes © 2018 Arab Society for Plant Protection ‫النبات‬ ‫لوقاية‬ ‫العربية‬ ‫الجمعية‬ (Heterodera spp.; CCN), Root Lesion Nematodes (Pratylenchus spp.; RLN) attack roots of cereal crops resulting in high yield loss and reduced grain quality. The damage caused by these diseases is accelerated in areas where water stress and monoculture practices dominate. Sustainable agriculture production of rainfed crops exposed to drought, especially those growing under arid and semiarid conditions, is being impacted by climate change induced hotter and drier soils. It is important to recognize that a plant's ability to secure adequate amounts of water is severely impacted by the destabilizing effects of nematodes and root rotting fungi on root architecture. Integrated crop health management approaches, using both modern cultivars with resistance/tolerance to these organisms, as well as, technologies that simulate root health and growth coupled with modern nematode management strategies such as chemical, biological and cultural technologies are needed for ‫مجلد‬ ‫العربية،‬ ‫النبات‬ ‫وقاية‬ ‫مجلة‬ 36 ‫عدد‬ ، 1 ( 2018 ) sustainable production in the ever-drier environments that are now a reality in many areas of the world. Resistance is an environmentally friendly and biologically effective management tool once it is found. However, resistance has only been identified against one of the CCN species found in Turkey, Heterodera filipjevi. This resistance is not yet present in the varieties widely grown in the region. Therefore, alternative approaches to limiting the damage caused by SBPs are needed. Extensive screening of wheat germplasm against SBPs has identified many moderately resistant germplasm in winter and spring wheat germplasm. However, CR remains a significant bottleneck in many wheat-growing areas around the world. Hundreds of wheat lines and accessions are screened annually for SBP at the International Maize and Wheat Improvement Center (CIMMYT) Turkey in collaboration with the Grains Research Development Corporation (GRDC), and many new moderately resistant to resistant lines have been identified. A number of these sources of resistance are new and previously unreported QTL's and have been identified through association mapping. The new sources of resistance to the SBPs that may be useful for selecting parents and deploying resistance into elite germplasm adapted to disease impacted regions. Nematologists, pathologists, breeders and agronomists need to work together to find solutions to the complex issues facing agricultural production and use multidisciplinary approaches to move forward in ensuring food security for all. Recent research within the SBP program at CIMMYT has focused on germplasm screening, the potential of this germplasm as a source of resistance, and how to incorporate the new sources of resistance into breeding programs. Breeding for resistance is particularly complicated and difficult when different species and pathotypes coexist in nature. Other current and future research will address the use of endophytic microorganisms and other cultural practices to reduce yield losses caused by SBPs. There is currently insufficient breeding for resistance to SBPs due to a lack of expertise and recognition of SBPs as a factor limiting wheat production potential, inappropriate breeding strategies, slow screening processes. Therefore, increased research funding is required for a more holistic approach to plant health management.
Integrated Pest Management
Integrated Pest Management (IPM) means the careful consideration of all available pest control techniques and subsequent integration of appropriate measures that discourage the development of pest populations and keep pesticides and other interventions to levels that are economically justified and reduce or minimize risks to human health and the environment via following the three main IMP components: prevention, monitoring and intervention. IPM emphasizes the growth of a healthy crop with the least possible disruption to agro-ecosystems and encourages natural pest control mechanisms (FAO, 2017) . IPM is a broad-based approach that integrates practices for economic control of pests. Efforts to increase the productivity of the land in both developed and developing countries has accelerated the development and adoption of production practices that generally intensify crop protection problems (6). The concept of pest management has now been broadened to include all classes of pests (pathogens, insects, nematodes, weeds) and in this context, is commonly referred to as IPM with the implication of both methodological and disciplinary integration (15) . One or more combinations of cultural, mechanical, chemical and biological control methods are usually used in IPM strategies. Susceptible plants infested with SBPs are also more often attacked by pest insects when compared with healthy plants which normally are resistant or tolerant plants.
Soil-Borne Diseases
Microbial communities play a pivotal role in the functioning of plants by influencing their physiology and development. While many members of the rhizosphere microbiome are beneficial to plant growth, plant pathogenic microorganisms can often still infect the root system by breaking through the protective microbial shield in the rhizosphere and thereby overcome the innate plant defense mechanisms in order to cause disease (34) . In fact, all soils tend to be disease suppressive to some extent; if soil-borne plant pathogens are introduced to sterilized soil, they often have greater negative effects on plants than they do in normal soils (11). Soil-borne pathogens inhabit the rhizosphere of most if not all economically important crop plants. They are very important due to their capabilities to attack and infect several of our food resources and causing severe damage in terms of yields quantitates and qualities. Several fungal pathogens (Fusarium, Verticillium, Alternaria, Phytophthora, Didymella, Rhizoctonia, Sclerotium, Pythium, and Rhizopus) are the most predominate and common soil inhabitant and considered the main causal organisms for the most frequent plant diseases globally (5, 11). Remarkably, some of these fungal pathogens can attack a wide range of different host plants and causing severe damage while others are very specific having very narrow host ranges. For example, more than 200 diseases were recorded on tomato plants and were considered responsible for 70 to 95% of the annual losses to tomato production while Fusarium wilt disease is only responsible for 10 to 50% of these losses (32) . Soil-borne pathogens were responsible for an estimated 10% of losses in vegetable crops. Plant-parasitic nematodes alone are estimated to reduce production of all world crops by 10% (59) causing annual economic losses valued at over $125 billion (16) . Agrios (1) reviewed global crop losses due to diseases and estimated that attainable crop production in 2002 was $1.5 Trillion. However, actual crop production was 36.5% lower than that attainable or equal to $950 Billion. Not surprisingly crop production without plant protection was less than half of that produced or only $445 Billion. This indicates that losses prevented by crop protection equalled $415 Billion. The actual annual loss to world crop production is about $550 Billion with diseases causing 14.1% or $220 Billion in crop production. The global direct and indirect crop losses due to pests and pathogens attack ranged from 20 to 40% (37, 38, 53, 54) . The phrase "losses" therefore inadequately reflect the true costs of crop losses to consumers, public health, societies, environments, economic fabrics and farmers.
Moreover, the infection with SBPs led to many other negative consequences in global crop production. SBPs have prevented cultivation of some important crops in specific regions of the world. For example, SBPs prevented: 1) the growing onion in upper Egypt due to white rot disease (Sclerotium cepivorum), 2) the planting of some high yielding varieties of wheat due to their sensitivity to some races of wheat rust, and 3) limitation in the cultivation coffee in Sylan due to rust disease.
Soil-borne pathogens require a susceptible plant for the development of their parasitic phase, but they may persist in the soil as saprophytes on residues, or as resistant, dormant forms, from several weeks to several years, depending on their biology (31) . Soil-borne pathogens pose a serious threat to global agriculture by destroying 10% of the world crop production every year. Up to 83% of soils under wheat harbor cyst nematodes CCN, 40% the root lesion nematode RLN, and 60% common root rotting (CRR) fungi.
The root rotting fungi cause yield losses above 40% on winter wheat and cereal cyst nematodes reduce yields by more than 30% every year (28, 36) in Turkey, one of the largest producer of wheat in the developing world, producing on average 20 million Mt annually on more than 9 million hectares of cultivable land. Similarly, in Australia, the 6 th largest wheat producer in the world, SBPs including CR, CRR, CCN and RLN cause significant yield loss to cereal production in the order of AUD 104 x 10 6 /year. Given the similarities in agronomic practice and climatic conditions between wheat producing areas in WANA (West Asia and North Africa), South America, South Africa and other parts of the world, it is likely that SBPs are causing similar economic losses (36) . In the marginal cereal production areas of WANA, Australia and Canada, losses between 3-50% have been reported (23, 33, 35, 47) . Nematode parasites of cereals and dryland root rots are the most economically important SBPs in regions where cereals dominate rotations and where sub-optimal growing conditions and or cultural practices are common.
The root-knot nematodes (Meloidogyne spp.; RKN) are the most economically important group of plant-parasitic nematodes worldwide. Meloidogyne is a genus formed by more than 100 species (29) . M. incognita, M. javanica, M. Hapla, and M. arenaria are the most four important species affecting crop productivity around the world. The genus Pratylenchus is a migratory endoparasites which comprises more than 90 species with a worldwide distribution (57). The four-major species infesting small grain are; P. crenatus, P. neglectus, P. penetrans and P. thornei (43) . They are among the most common plant-parasitic nematodes responsible for significant yield loses worldwide and can be considered as the 2 nd most important plant-parasitic nematode after the genera Meloidogyne.
Dryland root rots, which include root, crown and foot rots (FR), often include a complex of fungi with several species of CR and CRR (Bipolaris sorokiniana (syns.
Helminthosporium sativum), H. sorokiniana, Teleomorph
Cochliobolus sativus (Ito & Kurib., Dresch. ex Dast.). Globally, Fusarium spp. is an economically recognized important group of fungi which include more than 100 species causing CR, FR, root rot (RR) and head blight (2, 10, 26, 40, 58) (17, 52) . The importance of CR has increased with increasing adoption of residue retention and reduced tillage practices, which favor inoculum buildup and thereby greater levels of infection (13, 49, 60) .
Crown rot is one of the most economically important diseases of cereals caused by Fusarium species in many rainfed wheat cropping regions of the world due to difficulties in its management as imposed by modern agriculture. Crown rot and CRR cause more than 35% losses to cereals in rain-fed (dry-land) wheat production systems throughout the world (15, 19, 24, 30, 50) . The predominance of the species is mostly influenced by climatic conditions especially temperature requirements (41) . In Central Anatolia Plateau of Turkey, cereal root rots contribute to significant yield losses up to 24-36% in commonly cultivated winter wheat varieties (3, 28). Root and crown rot diseases cost Australian wheat growers around USD 150 x10 6 per year from an annual production of around 20 Mt (44). F. culmorum infects wheat, barley, oats, clover, rye grasses, sorghum and numerous other species. In Turkey, F. culmorum has been described as the dominant pathogen in dryland conditions, where the climate is cold in winter with a dry summer (56) .
CR is common under hot-dry conditions and the fungus colonizes stressed plants during the grain filling period (14). Crown rot causes necrosis and dry rot of the crown, the basal stems and root tissue. The key symptoms of the disease are whitehead formation (premature ripening) and a chocolatebrown lesion in the crown region of wheat (14, 18). The white heads are formed due to destruction of the vascular system by the fungus which interferes with uptake of mineral and water to the head during grain filling. The damage to spring and winter cereals is usually unnoticed until white heads appear shortly before maturity (42) .
Less emphasis has been given to SBPs as a limiting factor for wheat production due to focus on more visible foliar and head diseases. Dryland CR is a serious challenge facing agriculture especially in rainfed and wheat monoculture cropping regions in the world. In rainfed wheat production system where cereal monoculture is practiced extensively as it is in Turkey, rotation offers limited option to control F. culmorum.
Among all SBPs, Fusarium species were considered the most common and predominant fungi in the rhizosphere where they can cause different plant diseases on different host plants and dramatically reduce both the quality and quantity of yield but are also known to be beneficial as mutualistic endophytes. One of these important species is F. oxysporum lycopersici, which was first described in England in 1895 and since that date was considered the main causal pathogen of tomato Fusarium wilt diseases. It can infect not only tomato plants but also many other host plants i.e. eggplant and several other weeds.
Sustainable agriculture production of rainfed crop exposed to drought, especially those growing under arid and semi-arid conditions, is being impacted by climate change ‫عدد‬ ، 1 ( 2018 ) induced hotter and drier soils. It is important to recognize that a plant's ability to secure adequate amounts of water is severely impacted by the destabilizing effects of plantparasitic nematodes and root rotting fungi on root architecture. The inability of the root to expand into deeper soil horizons exasperates the effects of heat and drought on root growth and yield. The importance of plant disease control is critical especially in those countries which have a rapidly expanding of populations as the middle east and are exposed to hotter and drier climates in the future. The limitations in the number of control tools for SBPs and plant parasitic nematodes management, makes finding suitable alternative biocontrol agents for integrated management important (45) .
Soil-Borne Diseases Control Options
Cultural practices for management of crown rot include delayed planting, and optimized nitrogen applications to reduce late season water stress which provide only partial control and are not reliable for limiting damage (17, 42, 49) . Since options for chemical control are limited and not costeffective, host plant resistance is the most efficient, economic and reliable approach to reducing yield losses caused by soil-borne disease at this time (20, 61 Soil-borne pathogens generally affect the root system of plants or the base of the stem, in some cases developing on upper parts of the plant through aerial dispersal from soil inoculum or via transport and/or growth in the vessels, leading to vascular diseases. Such pathogens may cause extensive damage to crops by limiting water and nutrient uptake (root necrosis) and/or transfer towards the upper parts of the plant (vascular disease), or by reducing the quality of crop products developing underground (root or tuber rot, gall, proliferation, etc.). This damage has led to the focusing of considerable effort on improving our understanding of the biology and ecology of these diseases, with the aim of developing control methods (31) .
Sustainable Food Production
Food and Agriculture Organization of the United Nations (FAO) identified five key principles of sustainable food production and agriculture (http://www.fao.org/sustainability/en/): 1) Improving efficiency in the use of resources. Further gains in productivity will still be needed in the future to ensure sufficient supply of food while limiting the expansion of agricultural land and preserving natural ecosystems. However, while in the past efficiency has been mostly expressed in terms of yield (kg per hectare of production), future productivity increase will now need to consider water and energy-smart production systems to reduce emission of greenhouse gas. 2) Conservation, protection and enhancement of natural resources. While intensification has positive effects on the environment through reduced agricultural expansion, it also has potentially negative impact on the environment. The most widespread model of agriculture intensification involves intensive use of farm inputs, including water, fertilizers and pesticides. Such trends in agricultural intensification are not compatible with sustainable agriculture and are a threat to future production. 3) Protection and improvement of rural livelihoods, equity and social well-being. Agriculture can only become sustainable if it provides decent employment conditions to those who practice it, in an economically and physical safe, and healthy environment. 4) Enhanced resilience of people, communities and ecosystems. Increased climate variability impacts farmers and their production. Increased food price volatility affects both producers and consumers. Resilience, therefore, becomes central to the transition towards a sustainable agriculture and must address both the natural and the human dimensions. 5) Responsible and effective governance mechanisms.
Agriculture is and will remain an economic activity driven by the need for those practicing it to make profit and ensure a decent living out of its activities. Sustainability will only be possible through effective and fair governance, including the right and enabling policy, legal and institutional environments with the right balance between private and public sector initiatives, and ensure accountability, equity, transparency and the rule of law.
These five principles of sustainable food production and agriculture are fully applicable to agricultural research and development including Integrated Pest Management (IPM). IPM in general and in the case of soil-borne pathogens in particular contributes to efficient use of natural resources building upon reduction of synthetic pesticides and utilization of genetic resistance coupled with creation of healthy under-ground and above ground environment. IPM especially when combined with conservation agriculture contributes to the development of long-term resilient production systems. One example is Hard Red Spring Wheat production system in Canada. Over the last 10-20 years, conservation agriculture has been dominating while wheat area reduced giving more land to food legumes and oil crops which contributed to healthy soils and reduction of wheat diseases. Farming communities became more resilient depending less of one crop and benefitting from a range of production options while reducing application of pesticides. It can be concluded that IPM is an important and essential component of sustainable agriculture, food production and food security and that more progress needs to be made to refine and improve on our management systems toward soilborne pathogens and nematodes. 
